Abstract: Secondary structure of protein, surface hydrophobicity, and functional properties of defatted Moringa olifeira seed and leaf flour were studied. Protein presented high β-sheet (32.77-41.11%) and β-turn (37.97-39.31%) structures. Water holding and oil absorption capacities of leaf flour were adequate for using in food formulations. Surface hydrophobicity of seed flour increased significantly at pH 9. Leaf protein was more soluble than the seed one, excepted at pH 4-5. Neutral and basic pH favoured emulsifying capacity (EC) of seed flour. The maximum EC was 52.17%. The emulsion stability (ES) was greater at acidic pH and seed flour concentration of 4% (w/v). The maximum ES (53.84%) was observed pH 4 and oil to water ratio of 1/2 (v/v). For applications where high foaming properties are required, it is important to use the seed flour at combined high pH and concentration. The maximum foam capacity and stability (87.50 and 82.50%, respectively) was observed at pH 9 and flour concentration of 4% (w/v).
Introduction
Protein malnutrition is one of the major nutritional problems in developing countries. The most disastrous consequences occur in children where protein malnutrition manifests itself in forms of two
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There is a need to explore the utilization of new protein ingredients in the formulation of new food products or to enrich the traditional formulations. Then, Moringa olifeira is an inexpensive protein source with good nutritional quality and pharmacological properties. The objective of this study was to examine the secondary structure of protein, surface hydrophobicity, solubility, water and fat holding capacities, finally effects of oil, concentration and pH on the emulsifying and foaming properties of defatted M. olifeira seed and leaf flour. This study showed that water holding and oil absorption capacities of leaf flour, and solubility of leaf protein were adequate for utilization in food formulations. Adequate combination of pH, flour concentration, and oil to water ratio was necessary to produce high emulsifying and foaming properties from M. olifeira seed and leaf flour. Finally, M. olifeira seed and leaf flour presented good functionality for utilization in food formulations. notorious diseases: marasmus and kwashiorkor. An alternative for improving protein intake is to supplement the diet with plant proteins. Legumes are inexpensive source of proteins with high protein content (17-40%) and calories (Duke, 1981) . Therefore, there is an urgent need to explore the utilization of legume proteins in the formulation of new food products or to enrich the traditional formulations.
Moringa oleifera Lamarck (fam. Moringaceae), is a perennial foliaged tree, widely cultivated due to its high adaptability to climatic conditions and dry soils (Okuda, Baes, Nishijima, & Okada, 2001) . It is considered as one of the most useful trees in the world because almost all parts of this plant can be used as food, in medicines and for industrial purposes (Khalafalla & Abdellatef, 2010) . M. oleifera has been used in several developing countries to prevent protein-energy malnutrition especially among children at an early age and pregnant women (Oduro, Ellis, & Owusu, 2008) .
Plant proteins are now regarded as versatile functional ingredients more than as essential nutrients. This evolution towards functionality is mainly driven by the demand of consumers. Functional properties constitute the major criteria for the adoption and acceptability of proteins in food systems. Physicochemical and conformational properties of proteins such as surface hydrophobicity, ligand binding, secondary structure, molecular flexibility and structure stability, affect functional properties (Mune Mune & Sogi, 2016; Zayas, 1997) . Hence, this study examined the secondary structure, surface hydrophobicity, solubility, water and fat holding capacities, finally effects of oil concentration and pH on the emulsifying and foaming properties of Moringa olifeira seed and leaf flour.
Materials and methods

Materials
M. oleifera seeds and leaves were purchased from Mokolo market (Yaoundé, Cameroon) in dried form. Dried seeds and leaves were hand-picked and stored in polyethylene bags in the refrigerator (~4°C) until used.
Methods
Preparation of M. oleifera seed and leaf flour
M. Oleifera seeds were dehulled manually, then seeds and leaves were ground into flour and passed through a 150 μm mesh sieve. The flours were extracted twice with the hexane/ethanol (1:1, v/v) solvent system in a 1/3 (w/v) ratio as described by Lu et al. (2009) . The seed and leaf flour contained 33.53 and 18.63% protein, 7.06 and 14.79% moisture and 3.16 and 11% ash, respectively, determined according to AOAC (1990) methods.
Surface hydrophobicity
Surface hydrophobicity was determined by the bromophenol blue (BPB) fixation method as described by Chelh, Gatellier, and Santé-Lhoutellier (2006) . BPB has been shown to bind to the same hydrophobic sites on proteins as fluorescent probes (Bertsch, Mayburd, & Kassner, 2003) , and the absorption difference spectroscopy of BPB provides a valuable supplement to 1,8-anilinonaphthalenesulphonate (ANS), as a fluorescent probe, for determining in solution surface hydrophobicity (Chelh et al., 2006) .
Secondary structure characterization
The secondary structures of protein concentrates were characterized using Fourier Transform Infrared (FTIR) spectra. The dried protein samples were put between two aluminium foils and pressed into a pellet. FTIR spectra were obtained in the wavenumber range of 400-4,000 cm −1 during 32 scans with 4 cm −1 resolution using a FTIR spectrometer (Perkin Elmer, Massachusetts, USA). Data were analyzed by means of the Spectrum software version 3.01 and Peakfit 4.12 (Systat Software, San Jose, USA). Secondary structural features were calculated from the amide I envelope by nonlinear regression fitting of Gaussian peaks of the original spectra. Peaks assignments were made using the results of Farrell, Wickham, Unruh, Qi, and Hoagland (2001).
Functional properties
Water holding capacity.
Water holding capacity (WHC) was determined by using the method outlined by Beuchat (1977) .
Oil absorption capacity.
The oil absorption capacity was determined using the method of Chakraborty (1986) using soybean oil.
Protein solubility.
The flours were mixed with water at the ratio of 1/100 (w/v), and pH of the mixtures adjusted to 2-10 if necessary with 1.0 M NaOH and HCl. The suspensions were hydrated overnight at 4°C, and stirred at room temperature for 10 min. The protein solutions were then centrifuged at 6,000 rpm for 20 min (Mune Mune & Sogi, 2016) . Protein concentration in each supernatant was determined by the Kjeldahl method (AOAC, 1990) . Protein solubility was calculated as solubility (%) = W 1 × 100∕W 0 , where W 1 was the weight of protein in the supernatant (g), W 0 was the weight of protein in the sample (g).
Emulsifying properties. Emulsifying capacity (EC) and emulsifying stability (ES) of M. Oleifera
seed and leaf flour were measured as describe by Lawal (2004) . Aqueous dispersions of 2 and 4% (w/v) of flour were prepared and adjusted to pH 4, 7 and 9 with 0.3 M HCl or NaOH. A 3 ml dispersion volume was mixed with 1.5 or 3 ml of soybean oil to obtain a oil to water ratio (OWR) of 1/4 or 1/2 (v/v). The dispersion was mixed at high speed for 1 min at room temperature, using a Bioblock Scientific 35011 (Illkirch, France) magnetic stirrer, then centrifuge at 1,100 rpm for 5 min in an Eppendorf AG (Hamburg, Germany) centrifuge. The emulsifying activity was calculated as:
ES was determined by heating the emulsion at 80°C for 30 min before centrifuging at 1,100 rpm for 5 min.
Foaming properties.
The foaming properties were determined in triplicate using the method described by Wu, Wang, Ma, and Ren (2009) . Concentrations of 2 and 4% (w/v) flour were prepared in distilled water and adjusted to pH 4, 7 and 9 with 0.6 M HCl or NaOH. Volumes of 100 ml (V 1 ) of M. olifeira flour suspensions were agitated for 5 min using a magnetic agitator (Heidolph, Schwabach, Germany), then whipped at high speed for 1 min in a Faciclic blender (Bordeaux, France). The blend was then poured in 250 ml graduated cylinder and the volume of foam (V 2 ) were immediately recorded at 0, 30 and 60 min. Foaming was calculated using the following equation:
Foaming capacity (FC) was determined at 0 min, and foam stability (FS) after 30 and 60 min.
Statistical analyses
Results are expressed as mean value ± standard deviation of three different determinations. Means were compared by the one-way ANOVA analysis followed by Duncan post hoc test. The probability p < 0.05 was considered statistically different. Data analysis and graphic plotting were done using STATISTICA™ (version 5.5, 2002 ; Statsoft Inc., USA) and SPSS (16.0 version 10.1, 2000, SPSS Inc., USA) softwares.
Results and discussion
FTIR spectra analysis
FTIR analysis was used in this study to assess the conformation of M. olifeira seed and flour proteins. The original spectra showed two major bands, the amide I at 1,633 cm −1 and the amide II band at 1,550 cm −1 (Figure 1(a) ) (Nawrocka & Lamorska, 2013) . The amide I band was further resolved by Fourier self-deconvolution and second derivative employing a Gaussian fit of the peaks (Figure 1(b) ). The analysis clearly resolves bands which have been assigned on the basis of data available in literature. The bands were easily assigned as follows: ß-turn: 1,660-1,700 cm; α-helix: 1,650-1,656 cm −1 ; irregular structure: 1,640-1,644 cm; and ß-sheet or extended structure: 1,620-1,640 cm −1 (Farrell et al., 2001 ). According to the calculation of the individual component peak area, results on the secondary structure composition of M. olifeira protein is given as follows: α-helix: 10.27 and 13.49%; β-sheet: 41.11 and 32.77%; β-turn: 37.97 and 39.31% and irregular structure: 10.65% and 14.43%, respectively for seeds and leaves. Generally plant protein showed high levels of β-sheet secondary structure (Mune Mune & Sogi, 2016) . In addition, rice dreg protein showed high β-turn (43.04%), low irregular structure (10.0%) and no α-helix contents.
Surface hydrophobicity
Surface hydrophobicity of seed flour was significantly (p < 0.05) higher than that of leaf flour at pH 4-9 (Figure 2 ). It was observed that variation in pH 4-7 did not affect surface hydrophobicity (18.34 mg BPB/g) of M. olifeira seed protein, while a significant (p < 0.05) increase was noticed at pH 9 (20.47 mg BPB/g). Also, surface hydrophobicity of leaf flour decreased with increasing pH. Mune Mune and Sogi (2016) demonstrated that partial unfolding and hydrophobicity of Bambara bean protein was related to decrease in β-sheets and increase in β-turn and irregular structure contents.
Water and oil binding properties
WHC of M. olifeira seed flour (1.03 g/g) was significantly (p < 0.05) lower than that of leaf flour (3.17 g/g). WHC of M. olifeira leaf flour was within the range of recommended WHC values, i.e. 1.49-4.72 g/g for viscous foods (Aletor, Oshodi, & Ipinmoroti, 2002) . Polar amino acid residues of proteins which have affinity with water molecules and carbohydrate composition are the major factors affecting WHC (Sreerama, Sashikala, Pratape, & Singh, 2012) . Oil absorption capacity (OAC) of M. olifeira seed flour (1.01 mL/g or 0.91 g/g) was significantly (p < 0.05) lower than that of leaf flour (1.6 mL/g or 1.46 g/g). OAC of leaf flour was in the same range than that of commercial soy protein concentrate (ISOPRO) (1.33 mL/g) as reported by Lin, Humbert, and Sosulski (1974) . Mune Mune and Sogi (2016) demonstrated that high OAC of legume proteins was related to high β-sheet secondary structure content.
Protein solubility
Protein solubility of leaf protein followed a U-shape trend with minimum solubility at pH 4-5 (12%), and maximum solubility at pH 2 (89%) and pH 10 (54%) (Figure 3) . Solubility of seed protein was low (<15%) at pH 4-10 and maximum at pH 2 (25.52%). Similar results were obtained by AL-Kahtani and Abou-Arab (1993) for Moringa Peregrina flour. High protein solubility was attributed to the increased net negative/positive charge, which dissociates the protein aggregates.
Emulsifying capacity and Emulsion stability
Effects of flour concentration, pH and oil to water ratio (OWR) on the EC and ES of M. olifeira seed and leaf flour are presented on Table 1 . Generally, emulsifying properties of M. olifeira seed flour was significantly (p < 0.05) higher than that of leaf flour, excepted for EC at pH 4, flour concentration 2% (w/v) and OWR 1/4 (v/v). EC of seed flour increased significantly (p < 0.05) with the pH 4-9 at 2% (w/v) flour concentration. At 4% (w/v) concentration, non significant (p > 0.05) difference in EC was found at pH 7-9, and EC increased from pH 4 to 7. High EC could be obtained at pH 9; OWR of 1/2 (v/v) and seed flour concentration of 2% (w/v), and EC was not significantly (p > 0.05) different at pH 7 and 9 (50.53 and 52.17%, respectively); OWR of 1/2 (v/v) and flour concentration of 4% (w/v). Increase in EC with the pH probably reflected the exposure of hydrophobic amino acid residues previously buried due to the partial unfolding of protein (Zayas, 1997) . Different behaviour of EC was observed with increasing flour concentration 2 to 4% (w/v). Hence, a non significant (p > 0.05) difference in EC was observed at pH 7 (OWR 1/4, v/v), and at pH 9 (OWR 1/2, v/v). Also, EC decreased at pH 9 (OWR 1/4, v/v) and increased at pH 7 (OWR 1/2, v/v). Accumulation of protein in the aqueous phase increased the protein-protein interaction at the expense of protein-oil interaction, and then reduced emulsifying properties (Lawal, 2004) . Finally, EC of M. olifeira seed flour increased with OWR 1/4 to 1/2 (v/v) at pH 7-9 as also noticed by Cano-Medina et al. (2011) for sesame and soy protein concentrates.
ES of M. olifeira seed flour was significantly (p < 0.05) higher than that of leaf flour. High ES of M. olifeira seed flour was observed at flour concentration 4% (w/v) and pH 4 (39.67-53.84%), and at pH 9. It is well known that High ES required molecular rearrangement of the adsorbed proteins at the oil-water interface to form a thick layer which prevents coalescence.
Foaming capacity and foam stability
Foaming properties of M. olifeira seed flour depending on pH and flour concentration are presented in Table 2 . Foaming properties of M. olifeira seed flour were significantly (p < 0.05) higher than that of leaf flour (excepted at pH 4). It was noticed a significant (p < 0.05) increase in FC with seed flour concentration and pH. FC of leaf flour increased with the concentration, and maximum FC was observed at pH 9. The high FC at pH 10 may be due to an increase in the net charge of the protein molecules, which weakens hydrophobic interactions and increases protein flexibility. This allows them to spread to the air water interface more quickly, thus encapsulating air particles, and increasing foam formation (Lawal, 2004) . FS after 30 and 60 min followed the same tendency as FC for seed flour. Non significant difference (p > 0.05) in FS of leaf flour was noticed at pH 4-7, and the maximum FS was observed at pH 9 and flour concentration 4% (w/v). Lawal (2004) reported that increase in foaming properties with increase in protein concentration is a result of increase in the viscosity which facilitates formation of a multiplayer cohesive protein film at the interface. Moreover, Panyam and Kilara (1996) indicated that the molecular properties of proteins that are relevant for foaming include solubility to enable rapid diffusion at the interface, amphipathicity to enhance interfacial interactions, segmental flexibility to facilitate unfolding at the interface and molecular rearrangement to prevent close approach of bubbles. 
Conclusion
This study revealed M. olifeira seed and leaf protein presented high β-sheet and β-turn secondary structures and low α-helix and irregular structure. The leaf flour showed high water holding and oil absorption capacities. Protein solubility of leaf flour was lower at pH 4-5, and maximum at pH 2 and 10. The surface hydrophobicity of seed flour was significantly higher at pH 9 compared to pH 7 and 4. The variation of pH, oil to water ratio and flour concentration could be useful to influence emulsifying properties of M. olifeira seed flour. High emulsifying activity could be obtained at pH 7, oil to water ratio 1/2 (v/v) and flour concentration 4% (w/v), while high emulsifying capacity and emulsion stability was observed at pH 9, and flour concentration of 4% (w/v). For applications where high foaming properties are required, it is important to use M. olifeira seed flour at high combined pH and concentration.
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